Binding of Nerve Growth Factor (NGF) to its high affinity receptor activates a kinase cascade and induces expression of immediate early genes, such as c-fos and c-jun. This process has been studied extensively in PC12 cells, a rat chromaffin cell line. NGF causes these cells to undergo neuronal differentiation, as they cease mitosis, extend neurites and acquire electrical excitability. A number of genes are activated as a relatively late event following NGF addition and their activation is characteristically dependent on protein synthesis. One of these late activation genes is that for Neuropeptide Y (NPY), a 36 amino acid peptide neurotransmitter (1) present in a subset of post-ganglionic sympathetic nerves. NPY peptide and mRNA levels are normally expressed at low levels in undifferentiated PC12 (2,3) cells and their induction following addition of NGF is dependent on protein synthesis as treatment of cells with cycloheximide abolishes the response (4.5). The presence of regulatory elements in the NPY promoter which respond to PKA and PKC is reflected by the ability of both forskolin, an activator of adenylyl cyclase. and phorbol esters to increase NPY mRNA levels (4.5). However, the relative contribution of these signal transduction pathways to NGF-mediated stimulation have yet to be elucidated.
We have previously used a fusion gene in which the reporter function [chloramphenicol acetyl transferase (CAT)] is placed under the control of the 700 basepairs of the 5' flanking region of the NPY gene to demonstrate that, when transiently expressed in PC12 cells, this region of the gene for NPY contains the NGF-responsive elements (5). Analysis of this region reveals a number of consensus sequences, including an AP-1 site and two AP-2 sites. In this present study, we have examined the effect of deleting these consensus sequences on the regulation of NPY gene expression by NGF. PC12 cells (6) were routinely grown on collagen coated plates in DMEM supplemented with 10% horse serum and 5% foetal calf serum. Cells were transfected using standard calcium phosphate co-precipitation method. 48 hours after transfection, PC12 cells were harvested and CAT activity measured in cell extracts using "t-chloramphenicol and thin layer chromatography to separate acetylated from non-acetylated chloramphenicol and conversion was assessed by autoradiography and densitometric scanning.
The AP-1 site (NPYAAP-1) was deleted from the intact promoter in the fusion gene by restriction enzyme digestion as convenient sites were available that flanked this region of the gene. The two AP-2 sites (NPYAAP-2) and all three sites (NPYAALL) were deleted using oligonucleotide mutagenesis as a modification of the Kunkel procedure (7). The sequence of these three constructs was verified using dideoxy chain termination. method. The effect of these constructs on transfection efficiency was determined by co-transfection of RSV pgalactosidase.
Treatment of PC12 cells with NGF (50ng/ml) expressing the fusion gene containing the intact NPY promoter routinely resulted in a Seven fold increase in CAT activity in the cell extracts compared to untreated cells. This response could be reduced by 80% following pre-treatment of cells with Calphostin C, a specific inhibitor of PKC In contrast, H89, a specific inbihitor of PKA had minimal effect on the response of the intact promoter to NGF. Deletion of the AP-1 site from the NPY promoter markedly attentuated but did not abolish the response to NGF. Thus, NGF resulted in a consistent two fold rise in CAT activity in cells transfected with NPYAAP-I. Deletion of the two AP-2 sites had only a small effect on the induction of CAT activity by NGF whereas deletion of all three sites completely eliminated the response. These results indicate that the principal response element on the NPY gene mediating the NGF response is the AP-I site but that the AP-2 sites provide a minor pathway for NGF activation. As AP-2 sites in other genes have been reported to respond to both PKC (phorbol esters) and PKA (forskolin) activation, the effect of specific inhibitors of these kinases was examined for the NGF response. In contrast to the intact promoter, the residual increase in NPYAAP-1 promoter activity after NGF application was substantially inhibited by H89 (by 90%) and halved by Calphostin C. Addition of both inhibitors completely abolished the 'response.
The data indicate that NGF exerts its action on NPY expression principally through the AP-1 site present in the 5' flanking region of the gene and is consistent with the notion that NGF mediates its long term effects through cfos and c-jun. The response of the intact promoter to NGF is sensitive to but not abolished by inhibition of PKC supporting the role of this pathway in the early kinase activation cascade. However, an additional secondary pathway mediating NGF effects was uncovered by expressing the NPYAAP-1 construct, in which the AP-I site was deleted from the promoter region. For this construct, a small but consistent induction in NPY promoter activity was observed. Deletion of additional consensus sites demonstrated that this AP-1 independent effect of NGF appears to be mediated through the two AP-2 sites adjacent to the AP-1 site. Furthermore, the additional AP-2 dependent response to NGF appears to require PKA activation. This data is consistent with crosstalk between PKC and PKA activation pathways. Alternatively, it may suggest that NGF directly activates different pathways in PC12 cells (8) .
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